Introduction
Inflammatory bowel disease (IBD) is a chronic disease of the digestive tract caused by a dysfunctional epithelial immune response to intestinal microorganisms (1) . Effective suppression of inflammatory responses is one of the primary strategies for treatment of IBD. Although immunosuppressant drugs are currently available for treatment of IBD (2), development of alternative medicines for use against IBD with reduced side effects has continued (3) . In this regard, traditional foods and medicines that are known to have antioxidant and anti-inflammatory activities have been considered for effective treatment of IBD (4) .
Adzuki beans are common legumes that comprise part of the daily diet in Korean culture (5) . Seeds of Phaseolus calcaratus Roxburgh, known as red beans, have long been used as a traditional food and an anti-inflammatory medicine. Red bean extracts reportedly exerted antioxidant and anti-inflammatory activities in lipopolysaccharidetreated macrophages (6) . Oral administration of a butanol fraction of red bean ethanol extracts (BF-RBEE) increased survival in a murine model of sepsis (7) .
Catechin-7-O-β-D-glucopyranoside has been identified as an active component responsible for the antioxidant and anti-inflammatory effects of BF-RBEE (6, 8) . A possibility that BF-RBEE can be used as an effective treatment for intestinal inflammatory diseases is suggested.
In this study, anti-inflammatory activities of BF-RBEE were studied using experimental rat models of acetic acid-induced colitis. Treatment efficacy was compared with a positive prednisolone control. The mechanism of BF-RBEE action against colitic damage was investigated based on measurement of mRNA and protein levels of tumor necrosis factor (TNF)-α, interleukin (IL)-1β, inducible nitric oxide synthase (iNOS), myeloperoxidase (MPO), reduced glutathione (GSH), and malondialdehyde (MDA) in inflamed colon tissue samples.
Sigma-Aldrich Co. (St. Louis, MO, USA) and Falcon Labware (BectonDickinson, Franklin Lakes, NJ, USA), respectively. Preparation and separation of BF-RBEE was performed as described previously (6) . Briefly, 50% ethanol extracts (680 g) obtained from 5 kg of dried red beans were subjected to additional serial extraction procedures in a stepwise manner with n-hexane, ethyl acetate, n-butanol, and distilled water. The butanol fraction was concentrated using rotary evaporator (N-1110KW; EYELA, Tokyo Rikakikai Co., Ltd., Tokyo, Japan) and lyophilized to yield 60 g of BF-RBEE. LC-MS analysis revealed that BF-RBEE contained approximately 1.5% catechin-7-O-β-D-glucopyranoside (data not shown). BF-FBEE was dissolved in distilled water prior to oral administration.
Colitis induction and treatment Male Sprague-Dawley rats (180-200 g) were obtained from Orient Co. (Seoul, Korea). Rats were randomly divided into 4 groups (n=5/group) and deprived of food for 24 h prior to acetic acid treatment. Three groups received administration 1 mL of 7% acetic acid into the colon through the anus using a rubber cannula (8 cm in length with a 0.76 in diameter). Then, 24 h after acetic acid injection, 2 groups of rats were administered 2 mL of 10% PBS containing 100 mg/kg BF-RBEE or 1 mg/kg prednisolone daily for 4 days. An acetic acid control group received 1 mL of 10% PBS for the same time. Rats were checked daily for body weight, presence of diarrhea, and water and food intake throughout the experimental period. Animals were sacrificed using an overdose of halothane 24 h after the last administration of BF-RBEE or prednisolone.
Assessment of colitis Colons were removed from rats and washed briefly with cold PBS, followed by specimen photography. Macroscopic ulceration and inflammation scores on a 0-10 scale for colon tissues were assigned by 3 observers blind to the experimental design following previously reported criteria (9) . In brief, scores were based on the appearance of ulceration and/or inflammation, as well as damaged sites and areas with inflammation. In addition, specimens from a region of inflamed colon tissue or non-inflamed colon tissue from non-colitic group rats were collected for analysis of histological and biochemical parameters, or for preparation of total mRNA extracts.
Histological observation Cross-sections of colon segments from each animal were fixed in 4% buffered paraformaldehyde and embedded in paraffin. Full-thickness sections of 5 µm were hydrated and stained with hematoxylin and eosin followed by microscopic observation (ECLIPSE E6000; Nikon, Tokyo, Japan). Two pathologists blind to the study design evaluated histological damage on a 0-59 scale following previously described criteria (10) . In brief, criteria consisted of 5 scoring scales from 0 to 4 for colon sections, such as mucosal epithelium and lamia propria, crypts, submucosa, and the muscular layer.
Biochemical study of acetic acid colitic rats The MPO activity of colon tissue samples was determined following methods described elsewhere (11) . Results were quantified as mU of MPO/g of wet tissue, where a unit of MPO activity corresponded to the amount of MPO needed to degrade 1 µM of H 2 O 2 per min at 25 o C. The GSH content was determined using an ADI-900-160 kit (Enzolife Sciences, Plymouth Meeting, PA, USA) according to the manufacturer's instructions. The level of TNF-α in colon tissue samples was determined using a quantikine ® ELISA kit (R&D Systems, Minneapolis, MN, USA)
according to manufacturer instructions, and results were expressed as ng per mg of protein of wet tissue. To determine the level of MDA, tissue lysates (100 µL per colon tissue sample) were mixed with 50 µL of 8% sodium dodecyl sulfate, then with a buffer containing 20% acetic acid and 0.6% thiobarbituric acid. Mixtures were treated with a butanol:pyridine mixture (15:1, v/v) and MDA levels in supernatants were measured at 532 nm using 1,1,3,3-tetraethoxypropane as a standard. Results were expressed as µmol per mg of protein of wet tissue.
Real time RT-PCR Total RNA was prepared from colonic tissue samples using the SV Total RNA Isolation System (Promega, Madison, WI, USA) and reverse-transcribed using an RNA PCR kit (Promega) according to the manufacturer's instructions. Real time RT-PCR amplification was performed using an ABI Prism 7900HT Sequence Detection System (Applied Biosystems, Foster City, CA, USA). PCR primer sequences used are shown in Table 1 .
Statistical analysis Unless otherwise specified, all data were expressed as a mean±standard deviation (SD). A one-way analysis of variance (ANOVA) (Version 12.0; SPSS Inc., Chicago, IL, USA) followed by Scheffe's test were used to determine significant differences between groups at p<0.05.
Results and Discussion
BF-RBEE prevented intestinal inflammatory damage in the acetic acid model of rat colitis Evaluation of medicinal efficacy via preclinical studies is a common step before clinical use with patients (12, 13) . In this study, rats were subjected to intracolonic treatment with acetic acid for production of a chemically-induced colitic model (14, 15) . Prednisolone was uses as a positive control due to effective use against many immunological disorders, including ulcerative colitis. In addition, a BF-RBEE concentration of 100 mg/kg of body weight was applied to colitic animals with consideration of regulatory effects against sepsis and allergen sensitization and challenge (7) . In comparison with the colon architecture in non-colitic control rats, acetic acid treatment disrupted colonic tissue (Fig. 1A) . Microscopic evaluation of colonic tissue samples from acetic acid control rats also showed intense transmural disruption of colonic tissue (Fig. 1B) . In contrast, supplementation with either BF-RBEE at 100 mg/kg of body weight or prednisolone at 1 mg/kg of body weight attenuated acetic acid-induced colonic damage. With respect to microscopic scores from 0 to 59, acetic acid group rats presented severe grade lesions with a mean score value of 39±7 (Fig. 2) . Conversely, the histological appearance of colonic tissue specimens from rats treated with BF-RBEE revealed recovery of colonic tissue with significantly (p<0.01) reduced scores of 12±5.6, compared with acetic acid group rats. Prednisolone treatment also provided protection against acetic acid-induced colonic damage as prednisolone-treated rats showed significantly (p<0.001) lower scores than acid-induced colonic damage rats.
Macroscopic damage scores (0-10) indicated that acetic acid colitic rats showed a significantly (p<0.001) 11.1x higher mean damage score than non-colitic control rats (0.71±0.42) (Fig. 3A) . However, this increase was significantly (p<0.001) reduced in rats treated with either BF-RBEE or prednisolone to scores of 2.9±0.51 and 3.8±0.56, respectively. Treatment with acetic acid also induced body weight loss, compared with non-colitic animals (Fig. 3B) . The change in body weight in colitic animals was −2.1±0.9 g 4 days after acetic acid treatment, which was different from non-colitic rats (3.6±0.7 g). Acetic acid-induced body weight loss was recovered to levels similar to non-colitic control rats after treatment with either BF-RBEE or prednisolone. Thus, BF-RBEE is capable of reducing degrees of intestinal inflammation.
BF-RBEE recovers acetic acid-induced colonic damage via antiinflammatory and antioxidant abilities Biochemical parameters in colon tissues were investigated to understand mechanisms by which BF-RBEE reduced the degree of acetic acid-mediated intestinal damage. The activity of MPO and levels of TNF-α and MDA in acetic acid colitic rats were increased up to 8.0x, 10.3x, and 18.9x, respectively, compared with non-colitic controls (Fig. 4) . However, the increased MPO activity (281±36 mU/g of tissue) in acetic acid colitic rats was significantly (p<0.001) attenuated to 82±33 and 93±42 mU/g of tissue in the rats treated with BF-RBEE and prednisolone, respectively (Fig. 4A) .
Supplementation with either BR-RBEE or prednisolone also significantly (p<0.01) diminished acetic acid-induced increases in the levels of TNF-α (Fig. 4B) and MDA (Fig. 4C) . Moreover, the decreased GSH level (0.41±0.21 µmol/g of tissue) in acetic acid control rats was significantly (p<0.05) restored to 1.11±0.21 and 1.23±0.23 µmol/g tissue after treatment with prednisolone and BF-RBEE, respectively (Fig. 4D) .
Changes in biochemical parameters, such as MPO, TNF-α, MDA, and GSH are commonly observed in IBD patients (16, 17) . Reactive oxygen species are also important mediators responsible for induction of intestinal disorders (16) . This study revealed that the levels of all parameters tested were changed in acetic acid-treated rats, whereas such changes were inhibited after treatment with BF-RBEE. Thus, BF-RBEE plays a protective role against acetic acid-induced colitis both by inhibition of intestinal inflammatory responses and by stimulation of the antioxidant defense system.
BF-RBEE suppressed expression of inflammatory cytokines in inflamed colon tissues Activation of immune cells and enhanced production of inflammatory mediators are important inflammatory responses involved in IBD (4). Nitrogen metabolites also mediate induction of intestinal disorders (18, 19) . Therefore, mRNA levels of several inflammatory mediators were measured using real time RT-PCR analysis. Expressions of iNOS, TNF-α, and IL-1β in inflamed colon tissues of acetic acid-treated rats were increased, compared with non-colitic control rats (Fig. 5) . Treatment with BF-RBEE significantly (p<0.05) attenuated all acetic acid-induced increases, compared with controls. Similarly, prednisolone showed significant (p<0.05) inhibition of these increases, compared with controls. Inflammatory cytokine stimulates expression of chemokines and subsequent monocyte adhesion (20) . Supplementation with BF-RBEE reduced the serum TNF-α level in a murine sepsis model, eventually increasing the survival rate (7). A critical role for TNF-α is indicated in mediation of host immune responses to acute inflammatory stimuli. It is also important to consider that colitis induction in an acetic acid model is driven mainly by innate immune cells. Therefore, TNF-α is to be one of specific targets of BF-RBEE for treatment of inflammatory disorders, such as colitis and sepsis. In addition, intestinal anti-inflammation actions of BF-RBEE are associated with recovery of the intestinal epithelial barrier functions (21) because MUC2 and MUC3 are primary constituents of the mucus layer in the colon and barrier dysfunction mediates intestinal inflammation, resulting in a strong immune response (22) . Consequently, effective suppression of inflammatory cytokine production and restoration of epithelial barrier function are correlated with a property of BF-RBEE that protects rats against colitic damage.
On the other hand, BF-RBEE was reported to be the most active anti-inflammatory and antioxidant fraction among the first 4 serial fractions (6) (7) (8) . BF-RBEE also contains 1.5% catechin-7-O-β-D-glucopyranoside, a standard active material in red beans. Furthermore, red bean extracts at 100 mg/kg of body weight showed intestinal anti-inflammatory activities similar to prednisolone at 1 mg/kg of body weight. Although the amount of BF-RBEE administered was 100x higher than the prednisolone, the beneficial effects of BF-RBEE on intestinal inflammatory diseases are important. Effective use of red beans for prevention and/or treatment of intestinal inflammatory damage is indicated.
In summary, this study demonstrated that BF-RBEE inhibits intestinal inflammatory responses in experimental colitis in rats. BF-RBEE and/or red beans can be used as functional foods of in an approach aimed at treating intestinal inflammatory disorders. However, an acetic acid model is an acute/self-limiting colitis model that exhibits limited applicability to human IBD. Future studies should focus on the cellular mechanisms by which BF-RBEE protects against colitic damage using more appropriate animal models of IBD, such as T-cell transfer and IL-10-deficient models (23) .
